A study of the microstructural changes of a Zn-22 mass%Al-2 mass%Cu alloy was conducted during rolling at room temperature. Cold rolling was pursued on the as-quenched and room temperature aged samples. A reduction in thickness of about 97.6% and a total elongation of 3510% were obtained in the former sample while a sudden crack was present in the later sample. The X-ray diffraction and TEM results showed that nanometric equiaxial grains of the α and η phases in a matrix of the β phase were present during the rolling process of the as-quenched sample. Aged sample showed the presence of micrometric equiaxial grains of the α and η phases. The formation of nanometric grains of the α and η phases seems to be occurred by a strain-induced phase transformation. These nanometric grains seem to be the responsible for the superplasticity observed at room temperature in this kind of alloys.
Introduction
Superplasticity is usually referred as the ability of fine grained materials, an average grain size less than 10 µm, to show extensive neck-free elongations during deformations at elevated temperatures, T > 0.5T m where T m is the melting point.
1) The commercially available superplastic alloy in the zinc-aluminum system is based on the eutectoid composition of 78 mass%Zn and 22 mass%Al with minor additions of copper and magnesium to increase strength and creep resistanse. 2, 3) The superplastic microstructure of these alloys consists of equiaxed grains, with a size of about 1-2 µm, of the aluminum-rich α phase and of the zinc-rich η phase.
2) This type of microstructure is usually obtained by means of a solution treatment, in the β phase field, at temperatures between 275 and 375
• C (548 and 653 K) and a subsequently quenching in water. The β phase decomposes spontaneously into a very fine mixture of the α and η phases at room temperature. This mixture of phases behaves superplastic when is hot worked at about 250-270
• C (523-543 K). 2, 4, 5) Torres-Villaseñor and Negrete 6) reported superplasticity in a Zn-22Al-2Cu alloy solution treated at 350
• C (653 K) for 40 hours (144 ks), subsequently brine quenched and then rolled, 90% reduction in thickness, at room temperature. Tension tests of cold rolled specimen were conducted at room temperature and different strain rates. They attributed the superplasticity of this alloy to the presence of incoherent grains.
The purpose of this work is to study the microstructural changes and its effect on the plastic behavior during the cold rolling of a Zn-22 mass%Al-2 mass%Cu alloy in the conditions of as-quenched and as-quenched and aged at room temperature.
Experimental Procedure
Pieces of 24 mm × 11 mm × 5 mm of a Zn-22 mass%Al-2 mass%Cu alloy were homogenized at 350
• C (633 K) for 7 days and then quenched in ice-water at 0 • C (273 K). Samples were maintained at 0
• C (273 K) in order to retain the β phase and immediately rolled at room temperature in a manual mill ROAL R-80. Another sample was immediately aged at room temperature for 450 minutes, after quenching, and then cold rolled. The initial thickness of plate was 5.15 mm. The as-quenched sample was rolled up to 97.6% reduction in thickness in 22 passes, obtaining a total elongation of about 3510% without cracks. Each pass caused about 7% reduction in thickness. After each roll pass the sample was immersed in ice-water to avoid the transformation of β phase. In the case of aged sample, the cold rolling process only permitted to reach 19.8% reduction in thickness and a total elongation of about 19.2% in 4 passes, before cracking. The X-ray diffraction analysis was pursued in a diffractometer with a monochromated Cu Kα radiation. The TEM specimens of 3 mm diameter and 150 µm thickness were cut with a disc punch. Samples were electropolished using a twojet electropolishing equipment in an electrolyte composed of 10 vol% phosphoric acid and 20 vol% glycerol in methanol at −50
• C (223 K), 50 V and 60 mA. The TEM observations were carried out in a TEM at 200 kV. Figure 1 shows the photograph of the initial plate, (A), the as-quenched and then cold rolled sample, (B), and the aged and then cold rolled sample (C). It is clear that the as-quenched sample permitted to obtain a large reduction in thickness and a great elongation, while the aged specimens showed the presence of a crack on the plate surface and transverse to the rolling direction (indicated by → on photo) with a poor reduction in thickness. This behaviour had not been observed in this kind of alloys.
Results and Discussion
The X-ray diffraction patterns of the as-quenched and then cold rolled sample for the 0, 4, 13, 17 and 22 passes are shown in Fig. 2 . This figure also shows the X-ray diffraction pattern corresponding to the 22 pass-cold rolled sample and then aged at room temperature for 1440 min (86.4 ks). The X-ray diffraction pattern of the as-quenched sample only showed the presence of β phase. As the rolling progressed, the β phase decomposed gradually into a mixture of η and α phases in spite of the rapid procedure of rolling and maintaining samples at 0 • C. A mixture of the β, η and α phases was present at the 22nd roll pass. The complementary aging caused the complete decomposition of the β phase, giving as a result a mixture of the η, α, ε and τ phases. Several works 7, 8) have shown that a strain-induced phase transformations can occur in Zn-Al-Cu alloys. The decomposition of the β phase seems to correspond to this type of phase transformations. Figure 3 shows the X-ray diffraction patterns of the sample aged at room temperature for different times. The β phase decomposed into a mixture of the α, ε and η phases. That is, the rolling process of aged sample took place when a mixture of the α, ε and η phases were present. It can be observed, that the quenched and rolled sample promote the formation of α, ε, η and τ phases while the quenched-aged and rolled sample promote only the α, ε and η phases. The equilibrium phases in this alloy are α, η and τ which can be formed by aging treatments below 250
• C or mechanical milling. 8, 9) The τ phase is formed via four phase reaction, α + ε → η + τ . 9) This suggest that the rolling process accelerated the formation of τ .
The bright field (BF-TEM) micrographs and their corresponding electron diffraction patterns of the as-quenched, and as-quenched and then rolled samples are shown in Figs. 4(a) and (b), and Figs. 4(c) and (d), respectively. It was confirmed that the β phase is only present in the as-quenched state, Fig.  4(a) . In the case of rolled sample, it was observed the presence of equiaxial grains with a size of about 30 nm for both the α and η phases in a matrix of the β phase, Fig. 4(c) . Figure 5 shows the BF-TEM of the sample aged at room temperature for 450 min (27 ks). The microstructure is composed of equiaxial grains of the α and η phases with a size of about 0.1 µm. These results suggest that the large reduction reached during cold rolling of the as-quenched samples could be attributed to the presence of nanometric grains of the α and η phases.
This fact also suggests that a superplastic behavior might be present in this alloy at room temperature, as reported by Torres-Villasenor and Negrete. 6, 10) 
Conclusions
This study showed that the Zn-22 mass%Al-2 mass%Cu alloy exhibited a very good plasticity during cold rolling, as a result of a microstructure composed of nanometric equiaxial grains of the α and η phases in a matrix of the β phase.
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